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Dear Dr. Christensen,

| head the Data Management, Statistics and Modeling Core of the Columbia Center for Children's Environmental
Health. Robin Whyatt passed along your November 8 2012 request for information to my core, and the detailed
response we have prepared is attached. | apologize for the delay in getting back to you--we'll try to be more prompt
in responding to any followup questions you may have, as well as to any new requests for analyses or information.
Please don't hesitate to call or e-mail if you have any immediate questions or concerns. My contact information is

below.
Regards,

Howard
Howard F Andrews, PhD | Director, Data Coordinating Center | Associate Clinical Professor of Neuroscience and Biostatistics
Mailing address: Columbia University Medical Center | 1051 Riverside Drive — unit 47 | New York, NY 10032
Office location, Fedex/UPS/delivery address: MSPH | 722 West 168th Street | Room 232 | New York, NY 10032
hfal@columbia.edu | (212) 543 6022 | (845) 642 9905 (cell) | (212) 543 5684 (fax)
Publications/citations: click here
To send me an encrypted, password-protected data file, click here
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Dear Carol,



Thanks so much for your queries (11/8/2012 e-mail) regarding lead and the possible interaction between lead and chlorpyrifos in terms of effects on developmental outcomes reported in our papers. We have done a new series of analyses to address these questions, and in doing so we decided to use all currently available data, rather than limit the analyses to the data available at the time we developed the two papers you asked about,Rauh et al 2006 and Rauh et al 2011.  



As you know, the reason lead has not been included as a covariate in models developed for our publications is that the amount of lead data available at both birth (cord) and 7 years (blood) was limited; requiring a lead value for the analyses we performed for the papers would have greatly reduced the sample size and our statistical power to detect relationships between other exposures and developmental outcomes.  While there are still serious limitations in the available data, particularly with respect to 7-year lead, we have addressed the questions you raise with all data that are currently available; and, we have done the new analyses on lead and chlorpyrifos without requiring values for all of the other covariates included in the models for the 2006 and 2011 papers.  In other words, we have tried to design these new analyses in response to your questions to achieve the greatest possible sample size, and therefore to maximize the chance of detecting lead effects in our cohort, if in fact these exist.  In re-assessing the relationship between lead and specific developmental outcomes, we used the measures we previously reported as most affected by cord lead: the Bayley’s Psychomotor Development Index—or PDI—measured at 3 years (Rauh 2006) and the WISC Working Memory Index, measured at 7 years (Rauh 2011).



It is important to note a major limitation with the 7-year blood lead data.  Due to funding limitations, we were unable to test for lead at the time we began conducting 7-year follow-ups; in fact, most of the older children in our cohort—those born before 2002 and who were the first to reach age 7 in our cohort—were not tested for lead in the 7-year followup.  The reason this creates a problem for answering questions about interaction between 7-year lead and chlorpyrifos is that it is only the older children in the cohort—those born before the 2001 chlorpyrifos ban—who were exposed to high levels of chlorpyrifos.  Therefore, while we have many children with known 7-year lead levels and low chlorpyrifos exposure, we have almost no children with 7-year lead data and high chlorpyrifos exposure.  This makes it impossible to directly assess the presence or absence of interaction effects involving 7-year lead data and chlorpyrifos.  However, we have done a number of analyses to address this question, and the results are reported below.  



In terms of cut-points for the tables you requested, we have used the criterion described by Rauh et al 2006, >6.17pg/g, to define high chlorpyrifos exposure.  For lead values, we have used the approximate median values in all currently available cord and 7-year samples.  Note that as shown in Tables 6 & 7, very few of our subjects were above the level of the new CDC standard that you refer to (5 ug/dL).  In fact, only two subjects exceeded this 5 ug/dL level in cord blood, only one was above the 5 ug/dL blood level at the time of the 7-year followup, and none of these levels at either time point exceeded the previous CDC standard of 10 ug/dL.  It was therefore not practical to use these standards as cut-points in our analyses; instead, we used median values.



Response to Queries:



Query 1: In past communications and your publications, you have shared the Pearson's correlation coefficient for both pre- and post- (7 year) lead measures. Thank you for that. I wonder if its possible to provide me (as a personal communication) a 2x2 of CPF (high/low- possibly using cutpoint in Rauh 2006) and both pre- and post-natal lead, possibly using the new CDC standard of 5 ug/dL, or +/- the mean in the cohort (~1.2 ug/dL). This would aid my communication of potential confounding (or not), and the workings of multi-variate analyses to colleagues.



The nonparametric correlation between lead measured in cord blood and chlorpyrifos, based on the currently available expanded sample (N=300) is low (rho=.062) and non-significant (p=.284).  Table 1 shows the relationship in dichotomized form, as you requested, using the same cutpoint for CPF as in Rauh 2006, and a cut point of .9 for cord lead, the median value.  Note that the % of subjects with high chlorpyrifos values is 10.7% in the low lead group and 13.9% in the high cord lead group, a non-significant difference (p=.255).  These findings indicate no relationship between cord lead and chlorpyrifos, consistent with previously reported results.



There is also a low correlation between CPF and 7-year blood lead (rho= -.053, p=.541, N=134). However, the dichotomized analysis (Table 2) shows that only 1 subject who had a high level of chlorpyrifos had a 7-year lead value.  This is due to the fact that 7-year lead is not available for most older children exposed to high levels of chlorpyrifos before the ban (as explained in the introduction).  


Query 2: I noted that you state in the analytic section of Rauh 2006 and 2011 (IQ) that you tested for interaction between chlorpyrifos and all other co-variables in the model. However, blood lead was not included in the final models, due to lack of evidence of a confounding.   Did you therefore test for interaction between chlorpyrifos and blood lead with IQ? With such a low correlation, I would not expect to find an interaction, but I would like to know if it was tested nonetheless.



We did check for an interaction between blood lead and WISC performance at 7 years (Rauh 2011), and between blood lead and Bayley developmental scores at 3 years (Rauh 2006), and we have now re-visited these checks with the current expanded sample.   With respect to cord lead, we formed four groups defined on the basis of the dichotomized cord chlorpyrifos and lead indicators: 1) low on both cord lead and chlorpyrifos; 2) low on chlorpyrifos, high on cord lead; 3) high on chlorpyrifos, low lead; 4) high on both cord lead and chlorpyrifos; the same cut-points were used to define ‘high’ and ‘low’ as in the analyses reported in response to query #1.  If in our cohort there is a main effect of lead or a significant interaction between cord chlorpyrifos and lead with respect to developmental outcomes, we would expect to see a) the poorest outcomes (lowest test scores) among children who had both high cord lead and high chlorpyrifos levels, and b) that those with high chlorpyrifos and low cord lead would perform better than those with high levels of both lead and chlorpyrifos.  However, as shown in Table 3, the mean value of the 3-year PDI was the same for the two high chlorpyrifos groups (group 3, with low lead level and group 4 with high lead levels), and the average for these high chlorpyrifos groups was five points lower on average than for the two low-chlorpyrifos groups: low lead (group 1) and and high lead (group 2), respectively.  Thus, our current findings with the expanded cord blood lead sample confirm the original published finding in Rauh 2006 that cord blood lead is unrelated to chlorpyrifos, that lower PDI scores are associated with high levels of chlorpyrifos, and that there is no association between cord lead and PDI.



With respect to 7-year blood lead and chlorpyrifos, we attempted to form the same four groups described in the previous paragraph for combinations of high and low cord lead and chlorpyrifos.  However, as indicated in response to query #1, due to the absence of 7-year lead measurements among the older children in the cohort who were exposed to high levels of chlorpyrifos in utero before the ban, there is only one subject with a 7-year lead measurement who had a high level of chlorpyrifos at birth.  So it is not possible to directly check for interactions with respect to 7-year lead, or even to establish whether or not there is a relationship between 7-year lead and chlorpyrifos.  However, as shown in Table 4, we did compare the two low chlorpyrifos groups and found that those with high levels of lead had a mean Working Memory score of about 6 points lower than those with low levels of lead; this difference is statistically significant (p=.018, n=133) and suggests that even at the relatively low levels of lead exposure within this sample, higher levels of lead are associated with reduced Working Memory scores, controlling for the effect of chlorpyrifos.  We then compared Working Memory among those with high and low chlorpyrifos levels, disregarding lead level (Table 5) and found that those with high chlorpyrifos exposure had a mean Working Memory score more than 7 points lower than those with low chlorpyrifos levels; this is a highly significant difference (p=.001, N=371), consistent with the reported relationship between Working Memory and chlorpyrifos reported in Rauh 2011.  



In summary, these analyses suggest that there are detrimental effects of both 7-year lead and chlorpyrifos on Working Memory.  Due to the lack of 7-year blood lead data for children exposed to high levels of chlorpyrifos, we are unable to directly check for the interaction between these two exposures, in the way that we were able to check for—and rule out— an interaction between cord lead and chlorpyrifos.  However, in order for 7-year lead to confound the strong and statistically significant effect of chlorpyrifos on Working Memory, it would be necessary to posit both an extremely strong relationship between chlorpyrifos and lead exposure at 7 years of age, as well as an extremely strong interaction between 7-year lead and chlorpyrifos.  We therefore believe an interaction between chlorpyrifos and 7-year lead is unlikely.



Query 3: You have provided the mean, 95% CI, and min:max for prenatal (cord blood) blood lead levels in the published papers, but is it possible to provide the same for post-natal lead (measured at 7 years)? Possibly I missed it, but I do not believe that information has been reported in the papers.



In Table 6 and Table 7, we provide detailed descriptive statistics for both cord lead (N=345) and 7-year lead (N=206), based on all currently available data.  Statistics reported for each measure include mean, median, variance, standard deviation, 95% confidence interval, minimum, maximum, interquartile range, skewness, kurtosis and extreme values.





Tables





 #1: Dichotomized cord lead and hi level of chlorpyrifos--crosstabulation



Chlorpyrifos level greater than 6.17pg/g 





No

YES



Cord Lead above .9

No



133

16

149







89.3%

10.7%

100.0%



YES



130

21

151







86.1%

13.9%

100.0%

Total



263

37

300





87.7%

12.3%

100.0%



#2: Dichotomized 7-year lead and chlorpyrifos



Chlorpyrifos level greater than 6.17pg/g 

Total



No

YES



7-year Lead  above 1.24

No



53

1

54







98.1%

1.9%

100.0%



YES



80

0

80







100.0%

0.0%

100.0%

Total



133

1

134





99.3%

0.7%

100.0%



#3: Mean 3-yr PDI

by chlorpyrifos/cord lead



Combination of CORD lead and chlorpyrifos

Mean

N

Std. Deviation

low on both cord lead and chlorpyrifos

100.18

97

12.250

low chlorpyrifos, high cord lead

101.39

93

13.486

hi chlorpyrifos, low cord lead

96.67

15

12.816

high on both cord lead and chlorpyrifos

96.67

12

13.950

Total

100.26

217

12.918





#4:  Mean 7-yr WISC-Working Memory Index

by low vs high 7-year lead (low chlorpyrifos)





Combination of 7-YEAR lead and chlorpyrifos

Mean

N

Std. Deviation

low on both 7-year lead and chlorpyrifos

105.23

53

16.115

low chlorpyrifos, high 7-year lead

99.40

80

11.884

Total

101.72

133

13.965







#5:  Mean 7-yr WISC-Working Memory Index

by chlorpyrifos - high vs low





Chlorpyrifos level greater than 6.17pg/g 

Mean

N

Std. Deviation

No

99.64

322

14.179

YES

92.59

49

13.919

Total

98.71

371

14.327




#6: Descriptive statistics for cord lead (n=345)



Descriptives



Statistic

Std. Error

Cord blood lead

Mean

1.1499

.04553



95% Confidence Interval for Mean

Lower Bound

1.0603







Upper Bound

1.2394





5% Trimmed Mean

1.0595





Median

1.0000





Variance

.715





Std. Deviation

.84566





Minimum

.15





Maximum

7.60





Range

7.45





Interquartile Range

.70





Skewness

2.755

.131



Kurtosis

13.663

.262



Extreme Values



Value

Cord blood lead

Highest

1

7.60





2

5.90





3

4.90





4

4.30





5

4.10



Lowest

1

.15





2

.15





3

.15





4

.15





5

.15a

a. Only a partial list of cases with the value .15 are shown in the table of lower extremes.






#7: Descriptive statistics for 7-year lead (n=206)





Descriptives



Statistic

Std. Error

Seven-year lead

Mean

1.4319

.05784



95% Confidence Interval for Mean

Lower Bound

1.3179







Upper Bound

1.5460





5% Trimmed Mean

1.3477





Median

1.2440





Variance

.689





Std. Deviation

.83019





Minimum

.28





Maximum

7.28





Range

7.01





Interquartile Range

.83





Skewness

2.642

.169



Kurtosis

12.982

.337







Value

Seven-year lead

Highest

1

7.28





2

4.76





3

4.16





4

3.95





5

3.62



Lowest

1

.28





2

.37





3

.37





4

.38





5

.38
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